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Clinical Experience of Contrast Venography Guided Axillary Vein
Puncture for Placement of Pacemaker and Defibrillator Leads in
Chinese Patients
NGAI-YIN CHAN, NGAI-SHING MOK, CHI-WO WU, WAI-SUEN LEUNG, PING-TIM TSUI, MIU-FONG
KWOK, CHI-CHUNG CHOY
From Cardiology Team, Department of Medicine & Geriatrics, Princess Margaret Hospital, Hong Kong
CHAN ET AL.: Clinical Experience of Contrast Venography Guided Axillary Vein Puncture for Placement of
Pacemaker and Defibrillator Leads in Chinese Patients. Background and Objectives: Subclavian crush phenomenon
is associated with lead placement using subclavian puncture (SP). Cephalic venous cutdown (CV), free of this
complication, may be too small for use or just not big enough for multiple leads placement as in biventricular pacing
or dual site atrial pacing. Contrast venography guided axillary vein puncture (AP) has been described to solve this
problem. This study reports on clinical experience of this technique in Chinese patients. Methods: AP has been
introduced in Princess Margaret Hospital since 1/7/00. Patient characteristics, effectiveness, safety and implantation
time are analysed. Sizes of axillary, subclavian and cephalic veins are compared. Results: AP was performed in 28
patients, 11 male and 17 female with mean age 64.9±14.3 years from 1/7/00 to 30/9/01. Sixteen patients had dual
chamber pacing, 1 single chamber pacing, 6 biventricular pacing, 1 dual site atrial pacing, 1 single chamber upgrade
to dual chamber pacing, 2 single chamber and 1 dual chamber ICD implantation. AP was successful in 26/28
(92.9%) patients. One failure was due to venous tortuosity which was then bypassed by SP. The other failure was due
to small size of axillary vein and SP was then used. Implantation time using AP was not significantly different from
a nonAP group of 44 patients using SP or CV during same period. (113±27.2 vs 125.3±47.3 min, p=0.105) There
were no AP related complications. Using venography, axillary vein is comparable to subclavian vein in size. (8.7±
2.2 vs 9.7±2.3 mm, p=0.114) Cephalic vein is significantly smaller than axillary or subclavian vein. (3.6±1.3 mm,
p<0.001). Conclusions: AP is both effective and safe for pacemaker or defibrillator lead placement. Multiple leads
placement is possible in view of comparable size of axillary vein to subclavian vein. And implantation time using AP
is similar to using other techniques. AP should therefore be complementary to other approaches for lead placement.
(J HK Coll Cardiol 2002;10:74-80)
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Introduction
The choice of vascular access for endocardial lead
placement in device implantation has been evolving
since the first successful use of temporary transvenous
pacing via the brachial vein in 1959. 1 The cephalic
cutdown approach was introduced in the late 1960s2,3
and has remained one of the standard approaches for
endocardial lead insertion since then. Anatomical
approach of subclavian vein puncture became another
possible approach with the introduction of peel away
sheath.4 Large scale survey of cardiac pacing in United
States revealed that the subclavian approach is most
widely practised.5 However, various acute complications
including a 1-3% incidence of pneumothorax or
hemothorax have been described. 6-8 In addition,
subclavian crush phenomenon, which is a longer term
complication of lead fracture due to entrapment by the
costoclavicular ligament and/or the subclavius muscle,
has been well described.9-12
Because of the potential disadvantages in using
subclavian approach for endocardial lead placement and
the significant failure rate of cephalic vein cutdown,13,14
a modified cephalic vein cutdown approach which leads
to a success rate of 76% was reported recently.15 The
modified approach still leaves room for a
complementary venous access. On the other hand,
cephalic vein alone is most unlikely to be suitable for
multiple endocardial leads placement in biventricular
or multisite atrial pacing.
A number of techniques have been developed to
aid access for the axillary vein. These include anatomical
approach,16 fluoroscopy guided approach,17 ultrasound
guided approach, 18 doppler guided approach 19 and
contrast venography guided approach. 20 This paper
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reports on the clinical experience of contrast venography
guided axillary vein puncture for placement of
pacemaker and defibrillator leads in Chinese patients.
Suitability of axillary vein puncture for multiple leads
placement is examined by comparing the sizes of axillary
vein to subclavian vein using contrast venography. On
the other hand, implantation time with axillary approach
is compared to other techniques.

Methods
Study Population
All patients admitted for pacemaker or ICD
implantation from July 2000 to September 2001 were
included in the study. Patients who did not require new
lead placement, as in the case of generator revision or
replacement, were excluded. Informed consent was
obtained from all patients. Each system was implanted
by two cardiologists. A total of six cardiologists were
involved with lead placement during the course of this
study. Any 2-lead or 3-lead system implantation
involving the first author and one other cardiologist was
accomplished by contrast venography guided axillary
vein puncture; AP was used in single lead device only
if cephalic venous cutdown failed (AP group). Systems
implanted by other cardiologists were accomplished by
cephalic venous cutdown ± subclavian puncture (nonAP
group).

Technique of Contrast Venography Guided
Axillary Vein Puncture
Axillary vein is a deep structure. The venae
comitantes of the brachial artery unite with the basilic
vein in the upper part of the arm and continue as the
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axillary vein above the lower border of teres major. The
vein ascends medial to the axillary artery passing behind
pectoralis minor, and crosses the lateral edge of the first
rib to continue as the subclavian vein, lying anterior to
its companion artery. The cephalic vein is a major
tributary of the axillary vein. It ascends in the
deltopectoral groove. The technique of contrast
venography guided axillary vein puncture has been well
described.20 Slight modification of the technique was
used in our centre due to the unavailability of
micropuncture introducer set. A subcutaneous generator
pocket is made by an incision parallel to and 1 cm medial
to the deltopectoral groove. The incision is started 2 cm
below the clavicle. 10 ml of contrast is injected through
an ipsilateral peripheral intravenous line and then flushed
with 25 to 50 ml of normal saline. An 18-gauge puncture
needle is positioned at an angle of 60 degrees to the
plane of skin and parallel to the axillary vein. The needle
is directed towards the vein until blood is aspirated.
Introduction of a standard 50 cm 0.038-inch J- tipped
guidewire and peel-away sheath are then performed by
Seldinger technique. The axillary vein may be divided
into a medial and lateral segment as defined by the rib
cage margin. Axillary puncture is performed by aiming
at the lateral segment first because of a practically zero

risk of pneumothorax. Failing that, the medial segment
of the vein is punctured.

Data Analysis
Patient characteristics, effectiveness, safety and
implantation time of the technique were analysed.
Diameters of axillary, subclavian and cephalic vein
were compared by measurement during contrast
venography. Continuous variables are expressed as
mean±1 SD. Statistical differences of continuous
variables were analysed with Student's t test. A p value
<0.05 was considered significant.

Results
AP was attempted in 28 patients. There were 11
male and 17 female patients with mean age of 64.9±14.3
years. Sixteen patients had dual chamber pacing,
1 single chamber pacing, 6 biventricular pacing,
1 biatrial pacing, 1 upgrade from single to dual chamber
pacing, 2 single chamber and 1 dual chamber ICD
implantation.
Figure 1 shows a typical contrast venography
of axillary vein in one of our patients. AP was

Figure 1. Typical contrast venography of the axillary vein.
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successful in 26/28 (92.9%) patients. One failure was
due to tortuosity of the axillary vein (Figures 2a and
2b). The axillary vein was punctured without difficulty.
However, guidewire failed to cross the tortuosity which
was subsequently bypassed by subclavian puncture.
Another failure was due to small size of the axillary
vein (Figure 3). Subclavian puncture was then performed
successfully. There were no AP related or contrast
related complications.
The mean implantation time, which is defined as
skin-to-skin time, was 113.1±27.2 minutes in AP group.
In the nonAP group of 44 patients, the mean implantation
time was 125.3±47.3 minutes when cephalic vein
cutdown ± subclavian puncture was performed during
the same period as the AP group. There is no statistically
significant difference (p=0.105).
In order to compare the sizes of axillary,
subclavian and cephalic vein by contrast venography,
the following definitions were used. The diameter of
the axillary vein was defined as the average of its
diameters at the rib cage margin and the lateral border
of first rib. The diameter of the subclavian vein was
defined as the average of its diameters at the lateral and
medial border of the first rib. The diameter of the
cephalic vein was measured at the point where it joins
the axillary vein. The mean diameter of axillary,
subclavian and cephalic vein was 8.7±2.2, 9.7±2.3 and
3.6±1.3 mm respectively. There is no statistically
significant difference between the sizes of axillary and
subclavian vein (p=0.114). However, the cephalic vein
is significantly smaller than the axillary or subclavian
vein (p<0.001).

Discussion
Main Findings
Vascular access is a prerequisite step in device
implantation. Subclavian vein puncture has the beauty
of being simple and quick to use. Unfortunately, it is
associated with both acute and longer term
complications.6-12 Subclavian crush phenomenon can be
a serious complication especially in ICD systems.12
Cephalic vein cutdown, free of this complication, can
still fail in 25-50% of cases. 13,14 With a modified
approach, causes of failure of cephalic vein cutdown
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include difficult cephalic vein isolation, venous stenosis,
venous tortuosity or anomalies.15 In addition, cephalic
vein alone is most unlikely to accommodate multiple
leads in biventricular pacing or multisite atrial pacing.
The results of the present study shows that
contrast venography guided axillary vein puncture is
both effective and safe for pacemaker or defibrillator
lead placement in Chinese patients. This technique has
been described20 and the success rate in our study was
92.9% which is comparable to the other report. There
were no complications related to using this technique.
There were two failures in a total of 28 attempts. One
failure was due to tortuosity of the axillary vein which
was successfully bypassed by subclavian vein puncture.
The other failure was due to small size of the axillary
vein. Again, subclavian puncture was performed
successfully for lead placement. These causes of failure,
however, were not experienced by the author of the
above report. The implantation time while using axillary
puncture was not significantly longer than when other
techniques for venous access were used. Using
venography, sizes of axillary, subclavian and cephalic
veins were compared. To the best of our knowledge, no
previous studies have addressed to this point yet. There
was no statistically significant difference between the
diameters of axillary and subclavian veins. However,
the cephalic vein is significantly smaller than either the
axillary or subclavian vein. This has important clinical
implications when multiple leads placement is
concerned.

Clinical Implications
Biventricular pacing is an evolving treatment
modality for heart failure patients.21 On the other hand,
dual site atrial pacing and biatrial pacing are potential
treatments for atrial fibrillation.22 Both of these pacing
therapies require implantation of three leads. Cephalic
vein alone is most unlikely to satisfy such requirement.
Subclavian vein, which is big enough, has its own
disadvantages as mentioned before. Contrast venography
guided axillary vein puncture is an attractive alternative.
According to the present study, the fact that axillary vein
is comparable to subclavian vein in size is supportive
for this idea. Axillary puncture was used in 6 patients
who had biventricular pacing in this study and there was
one failure due to venous tortuosity. This technique is
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Figure 2a. Contrast venography of a tortuous axillary vein - AP view.

Figure 2b. Contrast venography of a tortuous axillary vein - Lateral view.
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Figure 3. Contrast venography of a small axillary vein.

probably the method of choice in multiple leads
placement. However, the use of this technique for
multiple leads placement requires further study.
Contrast venography guided axillary puncture
is both effective and safe for pacemaker or
defibrillator lead placement as shown by the present
study and the others. However, the exact position of
axillary puncture among other techniques as venous
access for endocardial lead placement is still
unknown. A recent study prospectively compared the
safety and effectiveness of placement of endocardial
pacemaker and defibrillator leads using the
extrathoracic subclavian vein guided by contrast
venography versus the cephalic approach. 23 The
contrast venography guided extrathoracic subclavian
vein approach resulted in a higher success rate,
shorter procedure time and less blood loss. The
cephalic vein cutdown technique may be used for
single lead device implantation and axillary puncture
technique can be used otherwise or in case of failure
with cephalic approach.

J HK Coll Cardiol, Vol 10

Study Limitations
This is only a retrospective study in a small
number of patients who belong to a heterogenous
population. As a result, difference in implantation time
between AP and nonAP group cannot be accurately
compared. Furthermore, implantation time depends very
much on the experience of operators. On the other hand,
absence of statistically significant difference in the
diameters of axillary and subclavian vein may be simply
due to a small sample size. Axillary puncture was
performed by one operator who is experienced in this
technique. Similar results may only be achieved after a
learning period. Lastly it has to be remembered that use
of contrast is associated with a potential risk of
anaphylactic reaction.
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